This study addressed the effect of misleading post-event information (PEI) on voice ratings, identification accuracy, and confidence, as well as the link between verbal recall and accuracy. Participants listened to a dialogue between male and female targets, then read misleading information about voice pitch. Participants engaged in verbal recall, rated voices on a feature checklist, and made a lineup decision. Accuracy rates were low, especially on target-absent lineups. Confidence and accuracy were unrelated, but the number of facts recalled about the voice predicted later lineup accuracy. There was a main effect of misinformation on ratings of target voice pitch, but there was no effect on identification accuracy or confidence ratings. As voice lineup evidence from earwitnesses is used in courts, the findings have potential applied relevance.
The majority of research in witness identification is concerned with visual memory (Yarmey, 1995) . However, in cases such as masked attacks or telephone fraud, witnesses may be required to identify culprits by their voice. Voice identification evidence has been used in at least 188 British legal cases (Read & Craik, 1995) . Legal professionals have appealed for guidance on the reliability of earwitness evidence and the variables affecting accurate voice identification (Clifford, 1980; Wilding, Cook & Davis, 2000) but insufficient empirical earwitness research has been undertaken to fulfil this need (Kerstholt, Jansen, Van Amelsvoort & Broeders, 2004) .
Unfamiliar voice identification
Intra-individual voice variation makes voice recognition more difficult than face recognition (Hammersley & Read, 1996; Stevenage, Howland & Tippelt, 2011) . Correct identification rates for unfamiliar voices vary widely across studies (Kerstholt et al., 2004) , but performance is often poor (Hammersley & Read, 1996) , especially for incidental tests of memory (Clifford, 1980) . Some experiments allow for intentional, and therefore more efficient, encoding. Participants are told that they will have to recognise presented voices later on (e.g. Kerstholt et al., 2004; Legge et al., 1984) . Such studies may offer superficially high estimates of accuracy, which are not generalisable to real forensic contexts (Clifford, 1980) .
Numerous variables, such as length of speech sample, lineup type (target-present or target-absent) and retention interval, affect unfamiliar voice identification accuracy. For example, Clifford (1980) concluded that length of speech sample was unimportant provided more than one full sentence was presented. However, Legge et al. (1984) observed a significant improvement in performance after speech duration increased from 6 to 60 seconds. Lineup type also affects accuracy. Research has uncovered high misidentification rates on target-absent lineups, even when accuracy is high on target-present lineups (Kerstholt et al., 2004; Philippon, Cherryman, Bull & Vrij, 2007) . Participants' use of relative judgments could prevent elimination (Philippon et al., 2007) , or demand characteristics may lead to an assumption that the target is present (Van Wallendael et al., 1994) . Studies have also investigated the effect of retention interval, in order to establish the point at which memory decay begins to negatively affect accuracy. In Saslove and Yarmey's (1980) between-subjects study design, there was no significant difference between performance on immediate lineup tests, and performance after a 24-hour delay. One study found no decline after 10 days (Legge et al. 1984) . However, without efficient encoding, retention intervals may disrupt accuracy to a greater extent than is implied by intentional memory test results (Deffenbacher et al., 1989) .
Reviews have highlighted a gap in research addressing the influence of misinformation on memory for voices (Yarmey, 1995) . In a forensic context, misinformation may be introduced when witnesses discuss an incident, or after suggestive questioning. Research has demonstrated a significant negative effect of misinformation on eyewitness accuracy (Loftus, 1992 (Loftus, 1992) . Long retention intervals allow for greater incorporation of misinformation in memory (Frost, 2000) . According to the memory impairment hypothesis, misinformation permanently overwrites original memories (Loftus, 1981) . Other theorists argue that reporting false information does not indicate true memory (Zaragoza & Koshmider, 1989) because contextually rich tests show no effect of misinformation (McCloskey & Zaragoza, 1985) . Reporting of misinformation may also take place because memory for the original event was not encoded (Zaragoza & Lane, 1994) . According to the source monitoring hypothesis (Johnson, Hastroudi & Lindsay, 1993) , memories for the original and suggested event coexist, but 'reality monitoring errors' cause the source of memories to be confused. The majority of misinformation studies have concentrated on the disruption of recall accuracy, although misinformation also has the potential to reduce recognition accuracy. A misinformation effect has been observed in face identification studies. Loftus and Greene (1980) showed participants a face then asked them to listen to another witness' description of the face. If other witnesses mentioned a misleading feature, more than twothirds of participants later identified a face with that feature. A more recent study has also addressed the effect of misinformation on lineup decisions. Searcy, Bartlett and Memon (2000) gave participants post-event information (PEI) with a misleading description of the target face. This biased participants to select foil faces matching the description on target-absent lineups. A foil face is an innocent distractor which has not been seen previously. However, their study did not include a target-present lineup, so the design did not detect whether hit rates would have been negatively influenced by this manipulation.
Auditory memory may be particularly suggestible. Visual memory is stronger (Posner, Nissen & Klein, 1976) , and dominates auditory memory (Howard, 1982) . Weaker memories are more susceptible to PEI in eyewitness research (Loftus, Miller & Burns, 1978) , perhaps because inefficient encoding and storage makes them difficult to distinguish from misinformation (Johnson, Hastroudi & Lindsay, 1993) .
A comparison of the effect of marked modifiers such as 'hit'/'smash' on estimates of speed in auditory and visual input modalities indicated that auditory memory was more susceptible to misinformation (MacAllister, Bregman & Lipscomb, 1988) . However, use of stationary speakers prevented participants using sound localisation cues to encode a memory with realistic perceptual quality. Memories lacking perceptual quality are more prone to misinformation (Belli, 1989) . Nevertheless, other studies have also found that auditory memory is relatively more distortable than visual memory (Campos & Andalonso-Quecuty, 2006 ).
Research has not addressed the effect of misleading PEI on memory for voices. In a police interview, witnesses give a verbal description of voices, as well as attempting a voice lineup (Yarmey, 1994) . The present study aims to investigate the effect of misinformation about pitch on voice ratings and identification accuracy. Pitch is a central voice feature (Orchard & Yarmey, 1995) , aiding voice identification due to its stability (Mullennix et al., 2010) and limited intra-individual variation (Hollien, 1990) .
Memory for pitch and other paralinguistic voice characteristics Paralinguistic voice characteristics include pitch, rate of speech, frequency of pauses, and enunciation. Handkins and Cross' (1985) voice profile checklist of within and between-speaker variation gives a better measure of listener perception than vague verbal description (Yarmey, 1995) . Some properties of speech, including pitch, are automatically encoded with content of speech (Pisoni, 1993) .
It is uncertain whether inaccurate ratings could disrupt identification accuracy. Research has not addressed whether accuracy of speech ratings predicts performance at lineup (Yarmey, 1995) , or which aspects are crucial to voice recognition (Bricker & Pruzansky, 1976) . However, features of pitch, expressive style, age of speaker, enunciation, and inflection were most accurately remembered at a one-week retention interval for distinctive voices (Yarmey, 1991a) . Voice identification accuracy appears not to decay over the period of a week (Legge et al., 1984) , so retention of these key features may predict performance (Kerstholt et al., 2004) .
Recent research however suggests memory for pitch may not predict accuracy on lineups. Memory for pitch is consistently inaccurate, operating according to predictable distortions. Digital manipulation of a target voice into different versions varying in pitch led to predictable errors at lineup (Mullennix et al. 2010) . When the target had a high-pitched voice, foils with a higher pitch were selected. When the target was low-pitched, lower pitched foils were selected. Pitch may however operate as a cue for other paralinguistic information. Despite the difficulty of identifying unfamiliar voices, listeners are reasonably accurate when estimating a speaker's age (Linville, 1996) . Cues such as lower pitch, slower rate of speech and increased pauses in adults indicate older age across genders (Linville, 1996) .
Verbal recall and identification accuracy
The relationship between verbal recall and accuracy in earwitness testimony requires examination. Eyewitness studies have not found a reliable relationship between the accuracy of descriptions in free recall and accuracy of face identification (Pigott, Brigham & Bothwell, 1990) . In some studies verbal descriptions disrupt recognition ability. Schooler and Engstler-Schooler (1990) found that participants with higher levels of verbal recall made more false identifications at lineup, regardless of description accuracy. Other studies have detected a verbal facilitation effect; the act of verbally describing the perpetrator can, in some cases, make participants more likely to respond accurately at lineup (e.g. Meissner, Brigham & Kelley 2001) . Application of these findings to the earwitness context has not been sufficiently investigated (Yarmey, 2007) .
Self-reported confidence and identification accuracy
Self-reported confidence significantly influences mock jurors judging the reliability of witnesses' voice identifications (Van Wallendael, Surface, Parsons & Brown, 1994) . However, although witness confidence may influence jurors decisions, confidence does not reliably indicate identification accuracy. The majority of studies have found confidence to have no overall value in predicting correct identification (Kerstholt et al., 2004; Yarmey, 1995; Yarmey & Matthys, 1992) . Weak but significant positive correlations have occurred in some conditions, such as longer initial speech sample (Yarmey & Matthys, 1992) . This supports the optimality hypothesis (Deffenbacher et al., 1989) , that confidence and accuracy are only related in easy tasks. Other findings challenge this hypothesis, with studies observing positive correlations only in supposedly more difficult conditions (Orchard & Yarmey, 1995; Philippon et al. 2007 ). Overall, findings suggest the relationship between confidence and accuracy is insufficiently consistent to indicate performance in experimental or forensic situations. False memory studies show that the predictive value of confidence decreases even further following exposure to misleading information (Tomes & Katz, 2000) . Heightened confidence often accompanies incorrect responses (Weingardt, Leonesio & Loftus, 1994) .
Aims of the present study
The present study uses an incidental test of memory so that findings are generalisable to a forensic context. The study aims to initially explore misinformation effects in the under-investigated area of voice memory, addressing the effect on ratings of speech, identification accuracy, and confidence. Although some studies indicate that misinformation effect sizes may be large for auditory memory (MacAllister, Bregman & Lipscomb, 1988; Campos & AndalonsoQuecuty, 2006) , other results imply that memory for pitch might be resistant to misinformation because it is central to voice recognition (Hollien, 1990; Orchard & Yarmey, 1995; Luna & Migueles, 2009; Mullennix et al., 2010) . Even if memory for pitch is distorted, the research reviewed here offers conflicting evidence regarding the extent to which identification accuracy will be affected.
The present study investigates the power of various factors in predicting unfamiliar voice identification accuracy. These include verbal recall and confidence. Although previous studies have addressed the predictive power of verbal recall for face identification (e.g. Schooler & Engstler-Schooler, 1990) , the effect has not been sufficiently tested for voice identification. Based on previous research, we hypothesised that there would be low overall accuracy rates, but that performance would be better on target-present lineups. We anticipated that confidence would have a weak relationship with accuracy.
Method Design
The experiment employed a 2 × 2 mixed factorial design. The within-subjects factor was stimulus voice (male or female). The between-subjects factor was false information (about the male or female voice). The dependent variables were voice ratings (Handkins & Cross, 1985) and length of verbal recall about the target voices.
For the lineup analysis only, there was a third withinsubjects factor: lineup type (target-present or targetabsent). This factor only applied to the lineup analysis because the other dependent variables were measured prior to this manipulation. For this analysis the dependent variables were lineup accuracy, voice selection and self-reported confidence.
Participants
There were 33 male and 39 female adult participants (N = 72) in this study ranging in age from 18 to 64 years (M = 37.6 years, SD = 15.7 years). None of the participants reported suffering from hearing deficits.
Materials
The initial voice sample consisted of a 37-second dialogue between a white female and white male, both with relatively low-pitched voices. The male and female were aged 28 years, 11 months and 27 years, 8 months respectively. The two perpetrators disguised a discussion about drug smuggling by appearing to talk about a holiday. Neither suspect had a regional accent, idiosyncratic speaking style, or speech impediment. Both said 71 words each during the dialogue, and spoke in a normal conversational style.
Target-present and target-absent lineups were constructed for the male and female voice, and consisted of 5 voices. Voices were selected from undergraduates and graduates from Nottingham Trent University. Foil and target voices were matched for gender and age group (20-30 years). None of the foils had a pronounced regional accent, idiosyncratic speaking style, or speech impediment. Both targets and all foils were recorded saying a 4-syllable phrase from the original dialogue (males: 'I've just got back'; females: '…a red wine thanks').
The dialogue and lineups were recorded onto Audacity (2.0.0) in a silent room. Microphone settings were constant across targets and foils. All files were exported into iTunes (10.6.1 (7)). 'Stop your Sobbing' by the Pretenders, a song of duration 2:39 minutes, was used as auditory interference. Stimuli were played to participants through Sony (Model No. SRS-A202) speakers.
False information was embedded in a relative clause, in a paragraph informing participants that both suspects had been arrested. Depending on the condition, participants read that other witnesses reported either the male or female as having a high-pitched voice.
Participants completed Handkins and Cross' (1985) checklist of voice characteristics for both target voices. The checklist includes an estimate for age, as well as 10-point Likert-style rating scales for 9 voice characteris-tics (see Appendix A). An item for pitch (1 -low, 10 -high) , not included in the original checklist, was also added, so the misinformation effect could be quantified.
Procedure
Participants provided demographic information, read an information sheet and completed a consent form. To allow for an incidental test of memory, the information sheet indicated that the study was about speech perception, not that it involved false information or voice identification.
Participants were randomly and equally allocated to each of the 4 combinations of between-subject conditions using an online research randomiser (Urbaniak & Plous, 2011 ) (false information: about the male or female voice, and lineup type: target-present or targetabsent). Participants were tested individually in a quiet room. Speaker volume was set at a constant level across all participants. Participants imagined they were eavesdropping on a conversation in a pub and tried to decide what was being discussed. When the dialogue finished, the song played. Participants then read the text containing false information. Having allowed time for careful reading, the experimenter recorded participants verbally recalling as much as possible about the target voices. Recording stopped when participants said they could not remember anything else. These descriptions were later coded by the researcher for number of descriptors, by counting each item of information relating specifically to the voice. Any reference participants made to the content of speech was not counted. Descriptions were not coded for accuracy.
Participants completed the voice characteristic checklist (Handkins & Cross, 1985) , and the experimenter explained that 2 lineups of 5 voices would be played, one for each target. Participants attempted to identify the male and female suspects by selecting the corresponding number (1-5). They were told lineups would only be played once, and that the targets may or may not be present, but that all voices were different. There was an option to tick 'not present'. Following each lineup, participants rated their confidence that the target had, or had not, appeared in the lineup on 10-point Likert-style rating scales (1 -not at all confident, 10 -extremely confident). Participants who made a positive identification gave an extra rating, on the same scale, to indicate confidence in their selection. Target-present and target-absent lineups were randomly ordered, as was the order of lineup voices (Urbaniak & Plous, 2011) . Participants who listened to a female target-present lineup also listened to a male target-absent lineup, and vice versa. All participants were fully debriefed after the study, and told that they had been given false information. Contact details for the researcher were provided.
Results

Ratings of voices
The descriptive statistics for ratings of target voice features (Handkins & Cross, 1985) are shown in Appendix B.
Effect of false information on ratings of pitch
A 2 (stimulus voice: male or female) × 2 (false information: male or female) fractional factorial design was employed with false information as a between-subjects factor, and stimulus voice as the within-subjects factor. This reduced the complexity of the design and reduced the interference between trials at the expense of a noisier test of the interaction effect (e.g., see Kirk, 1995, p.656) . This design was analysed using the nlme package in R (Pinheiro et al., 2012; R Core Team, 2012) . This approach allowed separate variances for the male and female pitch ratings, as well as the covariance between them to be estimated. There was an effect of stimulus voice, F(1, 69) = 33.57, p <.001, with the female voice being rated as higher in pitch. There was also a main effect of false information, F(1, 69) = 4.81, p = .044, with voices being rated as higher in pitch following false information. There was no significant interaction between false information and stimulus voice, F(1, 69) = .33, p = .57. Figure 1 shows the main effect of false information on target pitch ratings, including the two-tiered 95% confidence intervals (CIs) (Baguley, 2012a) for mean pitch ratings.
Lineup performance
Accuracy was higher in the target-present lineup than in the target-absent lineup. In target-present lineups, on average, the target was correctly identified 37.5% of the time: 36.1% in male target present lineups, and 38.9% in female target-present lineups. In target-absent lineups, only 15.2% of responses correctly indicated that the target was not present. Chance performance for target-absent lineups was 16.7%, which falls within the 95% CI [5.1%, 20.1%], for participant performance on target-absent lineups. Therefore overall target-absent performance was consistent with chance. Accurate rejections constituted 11.1% of responses on male target-absent lineups, and 19.4% of responses on female target-absent lineups. The difference between the average number of accurate responses on target-present and target-absent lineups was statistically significant, as shown in the multilevel logistic regression reported below.
Predictors of accuracy
As the dependent variable (accuracy) was discrete (1 = correct response, 0 = incorrect response), a multilevel (repeated measures) logistic regression was performed on the data using the lme4 package in R (Bates, Maechler & Bolker, 2011; R Core Team, 2012) . The predictor variables were lineup (1 = target-present, 0 = target-absent), false information (1 = male, 0 = female), target (1 = male, 0 = female) and number of items of voice information given in free recall. These predictors were included in a main effects only model (χ 2 6 = 148.7, AIC = 160.72), and in addition, a two-way model including all two-way interaction terms. The two-way model did not improve the fit, and was not more informative (Δχ 2 6 = 5.92, ΔAIC = 6.08). Furthermore, no two-way interaction term was statistically significant when added individually (all p > .05). The likelihood ratio showed that the main effects model was Each item of information increased the log odds of making a correct identification by 0.46. This is equivalent to increased odds of correct identification of approximately 1.6 for each item of voice information, p < .05, 95% CI [1.04, 2.42]. In the target-present condition, the log odds increased by 1.52, equivalent to increased odds of correct identification of 4.56, p < .01, 95% CI [1. 84, 11.28] . False information (p = .50) and target (p = .20) were not significant predictors.
Accuracy and confidence ratings
A total of 8 correlations were calculated between confidence and accuracy. We report unadjusted CIs but include adjusted p values from a Holm test to control for multiple testing (Baguley, 2012b, p. 492) . The degrees of freedom vary for the correlations reported here because participants who selected 'not present' at lineup only contributed ratings for confidence that the target was present or absent in the lineup. They did not contribute ratings for confidence that the correct voice had been selected. There were no reliable relationships found between overall accuracy and confidence that the target was present or absent in the lineup for the male voice, r(70)= .13, p = 1.00, 95% CI [-.11, .365] or the female voice , r(70) = .13, p = 1.00, 95% CI [-.36, .11] . For the female voice there was also no significant relationship between accuracy and confidence that the correct suspect had been identified, r(60) = .154, p = 1.00, 95% CI [-.10, .41]. However, there was a significant relationship between accuracy and confidence that the correct male voice had been identified, r(63) = .33, p = .049, 95% CI [.10, .57] . Analysis was also conducted on lineup types. One significant relationship was found in the target-present lineup, between accuracy and confidence that the correct male suspect had been identified, r(31) = .48, p = .040, 95% CI [.155, .80 ]. There were no reliable relationships in target-absent lineups.
Giving participants false information about the stimulus voices did not affect confidence ratings. Lineup type did not affect ratings either. Four 2 × 2 between-subjects ANOVAs were performed on the data, with scores in each confidence condition as the dependent variable, and false information (male or female) and lineup type (target-present or absent) as the independent variables. There were no statistically significant main effects or interactions (all p >.75).
Discussion
This study investigated the effect of post-event information (PEI) on identification accuracy and voice ratings in an incidental test of unfamiliar voice memory. The design also captured the effect of misinformation on confidence ratings, as well as addressing the relationship that selfreported confidence and verbal recall have with accuracy. Results showed low hit rates at lineup, and particularly inaccurate target-absent lineup performance. Fullness of verbal voice description increased the odds of making a correct identification, but overall self-reported confidence was not related to accuracy. There was a main effect of false information on ratings of voice pitch. For example, compared to participants who read neutral information about the female voice, those given false information about the female voice rated it as being significantly higher in pitch. This pattern also occurred for ratings of the male pitch. Results did not show an effect of misleading information on identification accuracy or confidence ratings. Participants were accurate when rat-
Figure 1:
The effect of stimulus type (male or female voice) and false information on ratings of voice pitch, with twotiered CI for mean pitch ratings. The outer tier (thin lines) depicts a 95% CI for the individual mean. The inner tier (thick lines) is adjusted so that means with intervals that do not overlap are different with approximately 95% confidence.
ing target age. The male target was aged 28 years, 11 months, and the female target was 27 years, 8 months. This matches participants' estimates of target age; the male and female target were rated as being 26.9 and 28.1 years old respectively. The actual age of the targets were close to the centre of the confidence intervals, both of which were relatively narrow (approximately 2 years for each target) (see Appendix B).
Overall lineup performance
Hit rates in the target-present lineup were low (37.5%), but above chance, consistent with results of other incidental tests of memory (Yarmey, 1991b) . However, as correct response rates vary widely across studies (Kerstholt et al., 2004) , it is necessary to consider some of the possible reasons why performance was poor in the present study. Hearing two voices in the initial speech sample may have caused interference effects, preventing optimal retention of memory for either voice (Neath & Surprenant, 2003) . A further possible explanation for low hit-rates is that non-distinctive voices are more difficult to identify (Orchard & Yarmey, 1995) . Participants rated the targets as relatively average. 95% confidence intervals for voice feature ratings of both targets tended to cluster around the mid-point (5). All confidence intervals included a rating of 4, 5 or 6. Confidence intervals were relatively narrow. The widest confidence interval, 1.12, was observed for female rate variation.
In the target-absent lineup, around 85% of responses were false identifications; performance was at chance level. The bias towards identification, and impaired performance in the target-absent condition, compared to target-present performance, is an established finding (e.g. Kerstholt et al., 2004) .
Verbal recall and identification accuracy
The multilevel logistic regression showed that the odds of making a correct identification increased slightly with the fullness of description given in free verbal recall. Although there was no control condition without free verbal recall, this preliminary finding might suggest that research showing a disruptive effect of verbal description on face identification is not generalisable to voice identification (Schooler & Engstler-Schooler, 1990 ). This could be because verbal description, involving focus on featural aspects, is argued to selectively impair face recognition because of holistic processing (Schooler & EngstlerSchooler, 1990) . Evidence suggesting that recognition of unfamiliar voices predominantly requires feature analysis (Yarmey, Yarmey & Parliament, 2001; Belin, Fecteau & Bedard, 2004) , may explain why the effect was not replicated in this study. Due to the inaccuracy of unfamiliar voice identification, any measure predicting accuracy is useful to legal professionals. Results suggest that police can be more confident that a witness has correctly identified a guilty suspect at lineup if they first provided a full description of the voice. However, further research is required to ascertain whether witnesses engaging in free verbal recall are more or less accurate than those who attempt identification without having first described the voice.
Self-reported confidence and identification accuracy
In line with previous literature (e.g. Olsson et al., 1998) , overall self-reported confidence was not significantly related to accuracy. The only condition in which confidence significantly correlated with accuracy was confidence that the male voice had been identified in targetpresent lineups. The optimality hypothesis (Deffenbacher et al., 1989) , suggesting that the relationship between confidence and accuracy is stronger in easy memory tasks, does not wholly account for these results. Although target-present lineups are known to be easier, hit rates in this study were in fact higher for the female voice. Contrary to previous findings (Weingardt, Leonesio & Loftus, 1994; Tomes & Katz, 2000) , confidence ratings were not inflated in misinformation conditions. This may be due to the limited effect of misinformation, discussed below. The relationship between confidence and accuracy appears to be unpredictable. Legal professionals should not use witnesses' self-reported confidence to assess the likelihood of identification accuracy.
Effect of misinformation
False information about pitch had a significant effect on ratings of target voice pitch. The influence of false information on pitch ratings was small; participants only rated the voices as 10% higher-pitched following misinformation. Other studies have observed 30-40% memory distortions when investigating misinformation and recall accuracy (Loftus, 1992) . However, the present study used a 1 to 10 rating scale for pitch. This perhaps offered a more sensitive measure of the misinformation effect than some prior research. False memory studies commonly force participants to choose between items in a two-alternative forced choice recognition test (Pezdek & Lam, 2007) . Such an approach polarises responses, with the potential of superficially inflating effect sizes. Other research offers alternative but complimentary explanations. It is possible that the short retention interval did not facilitate full incorporation of misinformation into memory (Frost, 2000) . Results could also be explained by the fact that pitch, as a central aspect of speech (Orchard & Yarmey, 1995) , is resistant to disruption by misinformation (Luna & Migueles, 2009 ). The misinformation effect may vary widely across voice features depending on how central or peripheral they are. Misinformation did not affect accuracy of identification at lineup. Low hit rates in the study showed memory for unfamiliar voices is weak. Previous research suggests weak memories are more suggestible (Loftus, Miller & Burns, 1978) . The failure to disrupt identification accuracy should be considered in light of other false memory research. Findings may correspond with Zaragoza and Koshmider's (1989) hypothesis that reporting false information does not necessarily reflect true memory. In contrast to the rating of pitch, identification tests could be a more accurate test of true memory. Alternatively, it is possible that whilst some source monitoring errors (Johnson, Hastroudi & Lindsay, 1993) operated when participants rated pitch in cued recall, distinguishing between the origin of memories was easier when attempting identification at lineup.
The key to understanding this result could relate to the nature of pitch and memory for pitch. Memory for pitch has been shown to be consistently inaccurate (Mullennix et al., 2010) , so might not offer diagnostic information in the recognition process. Equally, owing to the large number of discrete voice features, disrupting only one may fail to distort overall voice memory to the extent that it affects selection.
Directions for future research
This exploratory study addressed several research questions not investigated by previous research. Although the study observed a limited effect of false information for a single voice feature, further research should be undertaken to clarify the mechanisms by which misinformation affects memory for voices. It used non-distinctive voices, known to secure low hit rates (Orchard & Yarmey, 1995) . Future research could investigate the effect of misinformation on memory for distinctive voices. In addition, research should address whether longer retention intervals increase the extent to which misinformation is incorporated into memory.
A comparison of the effect of misinformation on central and peripheral voice features would help clarify whether the results in this study were attributable to the nature of pitch. As misinformation in a real situation may be applied to numerous voice features over a period of days, one avenue of future research could compare how identification accuracy is affected in conditions where misinformation is applied to one, two, or three voice features.
Conclusion
Results obtained in this study support warnings against the use of unfamiliar voice identification as decisive evidence in court cases. If an innocent suspect has been apprehended, misidentification is likely. The fact that fullness of verbal descriptions may predict voice identification accuracy is a useful finding from a forensic point of view. Earwitness evidence is useful in offering reliable estimates of age, which might help police distinguish between two suspects. Witnesses may however encounter misinformation in the delay between the crime and subsequent questioning. This preliminary investigation suggests that ratings of voice features have the potential to be disrupted to a greater extent than identification accuracy. The study however only addressed distortability of one voice feature. Until further studies are undertaken, it is not possible to conclude whether these findings are generalisable to other (e.g. peripheral) voice features, or to draw general conclusions about the suggestibility of auditory memory for voices. Results have highlighted various areas for future research, which may help psychologists and legal professionals better understand the malleability of voice memory in a way that is relevant and useful to forensic professionals. 
